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ABSTRACT 
Background: To complement findings that active travel reduces the risk of morbidity and 
mortality from chronic diseases, an understanding of the mechanisms through which active 
travel may lead to improved health is required.  
Purpose: To examine the descriptive epidemiology of all active travel and its associations 
with recreational and total physical activity in a sample of UK adults.  
Methods. In April 2010, data were collected from 3516 adults as part of the baseline survey 
for the iConnect study in the UK. Travel and recreational physical activity were assessed 
using detailed seven-day recall instruments. Linear regression analyses, controlling for 
demographic characteristics, examined associations between active travel, defined as any 
walking and cycling for transport, and recreational and total physical activity.  
Results. 65% of respondents (mean age 50.5 years) reported some form of active travel, 
accumulating an average of 195 min/wk (SD = 188.6). There were no differences in the 
recreational physical activity levels of respondents by travel mode category. Adults who 
used active travel did however report significantly more total physical activity than those 
who did not.  
Conclusions. Substantial physical activity can be accumulated through active travel which 
also contributes to greater total physical activity.  
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INTRODUCTION 
Walking and cycling for transport provide an opportunity to incorporate frequent physical 
activity into daily living, with active commuting in particular associated with reductions in 
morbidity and mortality even after controlling for participation in other forms of physical 
activity (Gordon-Larsen et al., 2009; Hamer and Chida, 2008; Lindström, 2008; Wen et al., 
2006; Wen and Rissel, 2008). To better understand the mechanisms through which active 
travel may benefit health, detailed examination of the nature of active travel is required, in 
particular to understand whether those who participate in active travel actually participate in 
greater physical activity overall (Shepard, 2008).  
 
Small-scale studies suggest that active commuting is associated with greater total physical 
activity in adults. A study of university students (n=50) found that those who cycled to 
university accumulated more physical activity than those who travelled by car (Sisson and 
Tudor-Locke, 2008). In another study train commuters (n=177) accumulated 30% more 
steps per day than car commuters (Wener and Evans, 2007). While these findings are 
encouraging they need to be substantiated in larger, more representative populations, using 
a more inclusive measure of active travel (e.g. one that includes walking, cycling and the 
active component of public transport journeys). Moreover, while previous research has 
focused on commuting, data from the National Travel Survey (NTS) suggest that only 15% 
of journeys in the UK are for commuting purposes (Department for Transport, 2009). The 
aim of this study therefore was to examine the descriptive epidemiology of all active travel 
and its associations with recreational and total physical activity in a sample of UK adults.  
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METHODS 
Sample and study design 
These analyses use cross-sectional data from iConnect, a study assessing the impact of 
infrastructural improvements on travel and physical activity behaviour and carbon 
emissions. The core module of the iConnect study involves data collected in three areas of 
the UK: Cardiff, Kenilworth and Southampton. Full details of the evaluation framework, 
study methods and survey instrument used have been reported elsewhere (Ogilvie et al., 
2012; Ogilvie et al., 2011).  
 
Briefly, 22,500 adults living in the study areas in April 2010 were randomly selected from 
the edited electoral register and sent a forewarning postcard. A week later, a survey pack 
containing a letter of invitation, the questionnaire and a consent form were mailed to 
participants, who were asked to return the completed questionnaire along with the consent 
form in a reply paid envelope. If a questionnaire had not been returned within two weeks, 
participants were sent a second survey pack. Upon receipt of their questionnaire, 
respondents were entered into a prize draw to win one of twenty £25 gift vouchers. 3516 
participants responded, giving a response rate of 15.6%. Ethical approval was obtained from 
the University of Southampton Ethics Committee (CEE 200809-15). 
 
Exposure measure 
Travel was assessed using a detailed seven-day recall instrument. For five journey purposes 
(to and from work; in the course of business; to and from a place of study; for shopping and 
personal business; and for visiting friends or relatives or other social activities) respondents 
were asked to recall the number of journeys made and the total time (min/wk) spent and 
distance (miles/wk) travelled using each mode (walking, cycling, bus, train, car and 
‘other’). The instrument instructed participants to report all modes used as part of journeys 
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and was therefore able to capture active travel as part of longer journeys (e.g. by public 
transport). Where a journey involved multiple purposes, participants were asked to report it 
under the ‘main purpose’. The questionnaire has previously been published in full (Ogilvie 
et al., 2012).  
 
Where respondents (n=205) reported the distance travelled but not the time, a time was 
imputed using the mean observed speed for each mode / purpose combination. Excluding 
these respondents by way of sensitivity analysis made no substantive difference to the 
findings (results not shown). For each purpose, travel modes were aggregated into active 
(walking or cycling) and motorized (bus, train or car). The instrument enabled the walking 
and cycling done as part of public transport journeys to be distinguished from the public 
transport stages of those journeys. For this reason, public transport was categorised as 
‘motorized’ and the walking and cycling that was recorded as part of the journey as ‘active’. 
‘Other’ travel modes which included, for example, taxi, van, caravan or ferry were 
categorised as motorized.  
 
Measures of commuting and non-commuting active travel were derived. Commuting travel 
was defined as travel between home and a place of work or study and non-commuting travel 
as travel for shopping and personal business or for visiting friends/relatives or other social 
activities. Travel in the course of business was not included in these aggregate measures. 
Total time (min/wk) spent walking and cycling and in all active travel was calculated for 
commuting and non-commuting travel. Summary travel mode categories were derived 
according to whether participants reported using only motorized modes (‘motorized’), both 
active and motorized modes (‘combination’), or only active modes (‘active’) for their 
commuting travel, their non-commuting travel and for all their travel.  
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Outcome measure 
Recreational physical activity was assessed using four items adapted from the short form of 
the International Physical Activity Questionnaire (IPAQ) (Craig et al., 2003). Respondents 
were asked to recall the number of sessions and total time spent walking and cycling for 
recreation (asked separately) and in both moderate- and vigorous-intensity physical activity 
in the past seven days. Data cleaning procedures similar to those of the short IPAQ were 
applied whereby for each activity category data were truncated at 1260 min (21 h/week) and 
participants who reported greater than 6720 min (16 h/day) were excluded (Craig et al., 
2003). Recreational physical activity (min/wk) was computed by summing time spent in 
walking and cycling for recreation and in moderate- and vigorous-intensity activity. Total 
physical activity (min/wk) was computed by summing time spent in active travel and 
recreational physical activity.  
 
Sociodemographic and other characteristics 
Respondents were categorised according to their sex, age, body mass index (computed from 
self-reported height and weight), highest educational qualification, employment status, 
ethnicity, annual household income, housing tenure, household car access and children 
under 16 years of age in the home. For the 22% of the sample with missing data for one or 
more sociodemographic variables, multiple imputation (with 5 imputations) was used under 
the assumption of missing at random. 
 
Analysis 
Analyses were done in October 2011 in STATA/SE 11.0. Linear regression analyses were 
carried out using recreational and total physical activity (min/wk) as the dependent 
variables and travel mode (motorized, combination, active) as the independent variable. 
Analyses were stratified by commuting status (yes/no) and in commuters, separate models 
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examined associations with travel mode based on commuting, non-commuting and all 
travel. The motorized travel category was set as the reference and the lincom command 
used to examine differences between those categorised as using a combination of modes 
and those using only active modes. To examine the possible moderating effect of 
commuting status, linear regression was also conducted using the entire sample including 
commuting status as an interaction term. Finally, to examine a possible dose-response 
relationship linear regression analyses were run with time spent in active travel (categorised 
as none, <60 min/wk, 60 to 150 min/wk and ≥150 min/wk) as the independent variable and 
total physical activity as the dependent variable. All models were run with and without 
adjustment for all sociodemographic variables.  
 
RESULTS 
Of the 3516 respondents, 177 either provided insufficient travel or physical activity data 
(n=141) or reported more than three hours of active travel per day (n=36) and were 
excluded. Respondents had a mean age of 50.5 years and just over half were female (Table 
1). Respondents were more likely to have a university qualification, own their own home or 
be retired, and less likely to be aged 18 – 29 years or have no access to a car according to 
2001 Census data (Table 1).   
------------------------------------------- 
Insert table 1 about here 
------------------------------------------- 
2267 respondents reported travel for commuting purposes and 3184 reported travel for non-
commuting purposes (Table 2). 46 respondents did not report any travel in the previous 
week. Overall, 2161 (64.7%) respondents reported some form of active travel; 62.3% 
(n=2081) reported walking for transport compared with 11.5% (n=383) who cycled. Those 
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who cycled spent a mean of 145.5 min/wk (SD=135.4) doing so, while those who walked 
reported a mean of 176.1 min/wk (SD=176.6) doing so.  
------------------------------------------- 
Insert table 2 about here 
------------------------------------------- 
Association between travel mode category and recreational and total physical activity 
Time (min/wk) spent in recreational and total physical activity by travel mode category 
(motorized, combination, active) is presented in Table 3. In commuters, there was no 
statistically significant difference in recreational physical activity by travel mode category. 
In non-commuters those who reported using a combination of modes accrued an additional 
100 min/wk of recreational physical activity on average compared with those who only used 
motorized modes, although this difference was not statistically significant. 
 
Participants who used a combination of modes and those who used only active modes 
reported more total physical activity than those who used no active modes (Table 3). In 
commuters this equated to an additional 320.9 min/wk (or 46 min/day) for those who used 
active modes and an additional 189.2 min/wk (or 27 min/day) for those who used both 
active and motorized modes. The associations were statistically significant in adjusted 
models (Active: ß = 280.1, 95% CI 197.9 to 362.2; Combination: ß = 184.6, 95% CI 150.5 
to 218.7, Table 4). Those who used only active modes were also significantly more active 
than those who used both active and motorized modes (ß = 85.4, 95% CI 18.3 to 172.6). 
Similar patterns of association were observed with travel mode categories based on 
commuting and non-commuting travel separately.  
 
Similarly, for non-commuters, those who used only active modes reported an additional 
279.4 min/wk (or 40 min/day) and those using a combination, an additional 287.1 min/day 
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(or 41 min/day) of total physical activity compared with those who only used motorized 
modes (see Table 3). These differences were statistically significant in adjusted models 
(Active: ß = 266.0, 95% CI 132.9 to 399.1; Combination: ß = 241.7, 95% CI 186.8 to 296.6; 
see Table 4). The total physical activity of non-commuters who used only active modes was 
not significantly different from those who used both active and motorized modes (ß = 24.3, 
95% CI -106.4 to 155.0).  
 
There was no evidence that commuting status moderated the overall association between 
travel mode category and total physical activity (ß for interaction = -118.8, 95% CI -18.3 to 
255.8). There was, however, evidence of an interaction in those who used a combination of 
modes, in whom the association between travel mode category and total physical activity 
was weaker in commuters than in non-commuters (ß =-147.01, 95% CI = -255.9 to -8.1).  
------------------------------------------- 
Insert tables 3 & 4 about here 
----------------------------------------- 
 
Association between quantity of active travel and total physical activity 
There was evidence of a dose-response relationship between active travel and total physical 
activity such that respondents who reported ≥60 min/wk of active travel participated in 
significantly more total physical activity than those who reported no active travel (Table 5). 
This relationship held when examining the association separately for those who used only 
active modes and for those who used a combination of modes (results not shown).  
------------------------------------------- 
Insert table 5 about here 
----------------------------------------- 
DISCUSSION  
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These findings suggest that adults who walk or cycle for transport accumulate more total 
physical activity than those who travel using only motorized modes. The findings extend 
previous studies which have shown associations between commuter cycling and physical 
activity (Sisson and Tudor-Locke, 2008) and between public transport use and step counts 
(Wener and Evans, 2007) and physical activity energy expenditure (Morabia et al., 2009; 
Morabia et al., 2010), by examining both walking and cycling and non-commuting travel in 
a large population sample.  
 
63% of respondents reported walking for transport in the previous week compared with 
12% who cycled, findings mirrored in the recent seven-day travel diary of the UK NTS in 
which 63% of respondents had walked, and 14% had cycled, at least once in the last week 
(Department for Transport, 2009). The average cyclist in the UK NTS reported ‘just under 
two hours a week’ cycling for commuting purposes, only slightly less than the 142 min/wk 
reported by cyclists in the current study (Department for Transport, 2011). Comparable data 
on time spent walking were not available. 
 
Not surprisingly, those who reported using only active modes of transport participated in 
the greatest total physical activity. Encouragingly, however, those who reported active 
travel in combination with either public transport or car use were significantly more 
physically active than those who used only motorized modes of transport. We could not 
ascertain whether those who used both active and motorized modes did so as part of multi-
modal journeys (for example by combining walking with public transport on a single trip) 
or whether different modes were used for different trips. Nonetheless, it seems reasonable to 
infer that physical activity is accrued when active travel forms part of a multi-modal 
journey. Evidence of the health benefits of public transport is not new (Besser and 
Dannenberg, 2005; Morabia et al., 2009; Morabia et al., 2010). Public transport use has 
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been shown to result in significantly more energy expenditure when compared with the 
same journey made by car (Morabia et al., 2009; Morabia et al., 2010) and adults who use 
public transport have been found to spend 19 min/day walking to and from stops (Besser 
and Dannenberg, 2005). In this study, 85% of those who used both active and motorized 
modes reported that their active travel was combined with car travel rather than public 
transport, suggesting that strategies to support multi-modal car journeys, such as the 
provision of park-and-ride facilities, may also have potential (Goodman et al., 2012). 
 
Limitations 
In the absence of any clear choice of a validated self-report measure, travel behaviour was 
assessed using a modified seven-day recall instrument and the measure of physical activity 
was purposively adapted from the IPAQ. While both are established measures of behaviour, 
their criterion validity when used together and, consequently, the extent to which 
participants reported the same activity under both recreational and transport sections, 
remains to be tested. By way of a sensitivity analysis, we compared the values reported for 
walking and cycling in the 1333 (40%) respondents who reported walking for both transport 
and recreation and the 222 (7%) who reported cycling for both transport and recreation. We 
then assumed that 50% of their walking and cycling reported as transport was also reported 
as recreation, and recalculated their time spent in total physical activity as 0.5*min/wk of 
active travel + min/wk of recreational physical activity. This made no substantive difference 
to the results of the regression models, suggesting that even after accounting for the 
possibility of double counting the hypothesis that respondents engaging in active travel 
accumulated more total physical activity remained supported. The summary travel measure 
also did not allow reporting of individual trips because pilot work suggested that including a 
detailed trip-based travel recall instrument would have significantly discouraged 
participation (Sahlqvist et al., 2011; Ogilvie et al., 2012). 
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Our sample was composed of participants of a higher socioeconomic status on average than 
the local population from which they were drawn, and their responses to our questionnaire 
suggested that they were more likely to meet current physical activity recommendations 
than respondents in the 2008 Health Survey for England (HSE) (men: 75% versus 42%; 
women: 69% versus 31%) (The Information Centre for Health and Social Care, 2009), 
although these differences are likely to partially reflect our use of much more detailed, 
disaggregated measures of travel and recreational physical activity than those used in HSE. 
While acknowledging these differences, we have no reason to assume that they would bias 
the associations observed in this study. Furthermore, the travel patterns of our respondents 
are comparable to those of adults who participated in the recent NTS (Department for 
Transport, 2011). Although the response rate in this study was low, it is comparable to that 
achieved in other recent population-based surveys implemented for the purpose of 
evaluating natural experiments (Cummins et al., 2005; Ogilvie et al., 2008) and may reflect 
a more global downward trend in survey participation (Curtin et al., 2005; Hox and De 
Leeuw, 1994; Nicolaas, 2004). Finally, as the findings are based on cross-sectional data 
they cannot be interpreted as showing that an increase in active travel results in a 
commensurate increase in physical activity. 
 
Conclusions 
Our findings suggest that substantial physical activity can be accrued through active travel 
and that this may contribute to greater total physical activity. For the full public health 
impact of active travel interventions to be realised, longitudinal studies examining whether 
a shift towards active travel is associated with an increase in physical activity are required.  
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